ABSTRACT
INTRODUCTION
Ovarian hyperstimulation syndrome (OHSS) is a complication of ovarian stimulation during in-vitro fertilization (IVF). OHSS is triggered solely by human chorionic gonadotropin (hCG) 1, 2 and is attributed mainly to excessive ovarian secretion of vascular endothelial growth factor and other angiogenic factors, which increase vascular permeability and cause leakage of fluid into the third space 3 . Severe OHSS is the most serious form of the syndrome and may become critical or life-threatening [4] [5] [6] . In an attempt to eliminate OHSS, replacing hCG with gonadotropin-releasing hormone (GnRH) agonist to trigger final oocyte maturation, combined with a freeze-all strategy, has been proposed for high-risk women pretreated with GnRH antagonist protocols (OHSS-free clinic) 7, 8 . However, despite the increasing use of a GnRH agonist trigger (5.2-36.1% of cases worldwide), hCG administration remains the most popular triggering option 9, 10 . There have been several proposals for diagnosing and classifying OHSS since its initial description in 1967 1, 4, 6, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . These classification systems have widespread acceptance and have formed the basis of various official guidelines (Royal College of Obstetricians and Gynaecologists 22 and American Society for Reproductive Medicine 6 ). However, all of them are characterized by an empirical approach and lack of statistical analysis, include arbitrarily proposed criteria and, in fact, represent consecutive reorganizations and modifications of a single original report, by Rabau et al. 11 , of clinical observations in 14 women with OHSS.
There are several studies available on the prediction and prevention of OHSS 6, 17, 21, [23] [24] [25] . However, a major contributing factor that may explain the diversity in OHSS classification systems is the absence from all of them of a detailed description of the ultrasound and hematological changes associated with the evolution of the syndrome until its diagnosis. Limited information regarding changes in hematocrit (Ht), hemoglobin and ascites is available from a small study of high-risk patients 26 . The aim of the present study, therefore, was to describe, in women at high risk for OHSS, changes in ascites grade, Ht, white blood cell count (WBC) and maximum ovarian diameter (MOD) during the early luteal phase (until day 5 post-oocyte retrieval), following triggering of final oocyte maturation with hCG.
METHODS

Study design and patient population
This was a retrospective cohort study of patients who underwent IVF treatment between January 2009 and December 2012 at Eugonia ART Unit in Athens. We included 319 patients at high risk for OHSS following hCG triggering of final oocyte maturation (Figure 1 ). High risk for OHSS was defined as the presence of at least 19 follicles ≥ 11 mm in diameter on the day of hCG triggering 27, 28 .
Patients could enter the study only once and only those with a complete set of data for all parameters were included in the analysis. Patients receiving GnRH agonist trigger or withholding hCG were excluded from the study to reduce bias. No other OHSS-reducing intervention, such as coasting, cabergoline administration or ascites paracentesis, was used in any of the patients.
It should be noted that a proportion (32%) of the women reported here (103 women: 21 with and 82 without severe early OHSS) had also been included in a previous study evaluating the efficiency of luteal GnRH antagonist administration after day 5 of in-vitro culture (i.e. after completion of the monitoring period of the present study) for the management of severe early OHSS 18 . The institutional review board of the Eugonia ART Unit provided ethics approval for this study (approval number 02/28-09-13).
Ovarian stimulation and triggering of final oocyte maturation
Patients underwent ovarian stimulation for IVF/ intracytoplasmic sperm injection (ICSI) using either a long GnRH agonist down-regulation protocol or a flexible GnRH antagonist protocol, as described previously 29 . Ovarian stimulation was performed with a starting dose of 150 IU/day of recombinant follicle-stimulating hormone (Gonal-F; Merck Serono, Geneva, Switzerland). This dose was adjusted after day 5 of stimulation, depending on the ovarian response, as assessed by estradiol levels and ultrasound. The presence of three or more follicles with a mean diameter ≥ 17 mm was the criterion for triggering with hCG; once this was observed, the following options were offered to all patients at high risk for OHSS: (a) withholding of hCG and cancelation of the cycle; (b) triggering of final oocyte maturation using GnRH agonist instead of hCG and cryopreservation of all embryos (only if patients had been treated with a GnRH antagonist protocol); or (c) proceeding to oocyte retrieval using low dose of hCG (5000 IU) for triggering of final oocyte maturation 30 . The latter was followed either by embryo transfer (ET), if severe OHSS did not develop by day 5 post-oocyte retrieval, or by luteal GnRH antagonist administration and embryo cryopreservation, if severe OHSS had developed by day 5 post-oocyte retrieval 18 . Only patients who opted for triggering of final oocyte maturation with hCG were eligible for inclusion in the current study. They did 
Diagnosis of severe early OHSS
Severe early OHSS was diagnosed in the presence of at least moderate (Grade 3) ascites and two or more of the following: Ht > 45%, WBC > 15 000/mm 3 , hydrothorax, dyspnea and oliguria (all as proposed by Navot et al. 4 , who reorganized previous classifications by Rabau et al. 11 , Schenker and Weinstein 12 and Golan et al. 13 ), and enlarged ovaries (MOD > 100 mm, a modification of the 5-12-cm range proposed by Golan et al. 13 ). Dyspnea was assessed subjectively by the patients. Oliguria was defined as urine output < 500 mL/24 h, and was measured by the patients. Ascites was classified into six grades (1, no ascites; 2, low amount of ascites; 3, moderate amount; 4, marked amount; 5, massive amount; 6, tense) depending on the quantity of fluid accumulation in relation to anatomical regions in the peritoneal cavity (Table 1) , with the patient in the anti-trendelenburgh position, as described previously 18, 19, 31 .
Patients diagnosed with severe early OHSS were managed on an outpatient basis by administration of GnRH antagonist and cryopreservation of all blastocysts 18, 31, 32 . GnRH antagonist was administered for 3-5 days, starting on the day of diagnosis.
Patient follow-up
All patients were monitored for the development of severe early OHSS on the day of oocyte retrieval (day 0), 3 days post-oocyte retrieval (day 3) and 5 days post-oocyte retrieval (day 5), according to the center's standard policy for all high-risk patients. The present analysis includes the first 5 days post-oocyte retrieval (day 0 until day 5). Administration of antagonist from day 5 onwards in the 43 women with severe early OHSS may be considered to introduce bias. However, by restricting the study period to the first 5 days, luteal GnRH antagonist administration is unlikely to have affected hematological and ultrasound parameters.
Ultrasound and laboratory assays
Ultrasound assessment of ascites was performed on the day of oocyte retrieval (day 0), 3 days post-oocyte retrieval (day 3) and 5 days post-oocyte retrieval (day 5). Ovarian size was assessed by transvaginal sonography 3 days and 5 days post-oocyte retrieval. The operator scanned the ovaries in at least three different planes and identified the plane with the largest diameter for each ovary. These two diameters were compared and only the largest diameter of the two ovaries was recorded as MOD. Ultrasound measurements of ascetic fluid and MOD were performed using a 7.5-, 6-or 5-MHz vaginal probe (Sonoline Adara, Siemens, Erlangen, Germany). Measurements of Ht and WBC were performed on the day of oocyte retrieval (day 0), 3 days post-oocyte retrieval (day 3) and 5 days post-oocyte retrieval (day 5). Ht and WBC were determined by flow cytometry using a Coulter A C .T diff™ Analyzer (Coulter Corporation, Miami, FL, USA). The coefficient of variation, specifying imprecision limits for WBC and red blood cell (RBC) counts was 3%. Ht was computed from the mean cell volume of erythrocytes (MCV): Ht (%) = RBC × MCV/10.
Outcome measures
Outcome measures included the changes in absolute values of Ht, ascites grade, WBC and MOD, as well as the associations between these changes during the early luteal phase following hCG triggering of final oocyte maturation.
Statistical analysis
Multivariable analysis was performed using generalized estimating equations, with ascites grade, Ht, WBC or MOD as the dependent variable and time (day 0, day 3, day 5) and development or not of severe early OHSS as independent variables. Binary variables are expressed as proportions (95% CI), while continuous variables are expressed as mean (95% CI). A paired t-test was used to compare differences in ascites grade, Ht and WBC, between day 0, day 3 and day 5 post-oocyte retrieval. Pairwise correlations were calculated by estimating Pearson's correlation coefficient, while Bonferroni adjustment was used to calculate significance levels. Statistical significance was set at P ≤ 0.05.
RESULTS
A flow diagram reporting patient numbers during the process of inclusion in the study is shown in Figure 1 .
All 319 high-risk patients included in the analysis had a complete set of data for all variables.
Severe early OHSS was diagnosed in 43 (13.5%; 95% CI, 10.2-17.7) women on day 5 post-oocyte retrieval. No patient developed severe early OHSS prior to day 5. Details on how the diagnosis of severe early OHSS was made in each patient are shown in Table S1 . The characteristics of patients included in the analysis are shown in Table 2 and the effect of parameters found to have a statistically significant association with development of severe early OHSS is shown in Table 3 .
Ascites
Proportions of patients who developed OHSS and those who did not, according to grade of ascites, for each day of monitoring, are shown in Table 4 . Mean values of ascites grade in all patients, and in subgroups according to whether they developed severe early OHSS, are shown in Table 5 . There was a statistically significant increase (P < 0.001) in grade of ascites during the early luteal phase (from day 0 to day 3 to day 5) in all patients at high risk for OHSS. This increase was also observed when patients were categorized according to whether they in fact developed severe early OHSS. Changes in ascites grade (cAsc) between day 3 and day 0 (cAsc D3-D0 ), between day 5 and day 0 (cAsc D5-D0 ) and between day 5 and day 3 (cAsc D5-D3 ) are shown in Table  S2 . cAsc D5-D0 was significantly greater than cAsc D3-D0 and than cAsc D5-D3 , in all patients as well as in both patients who developed severe early OHSS and those who did not. cAsc D5-D3 was significantly smaller than cAsc D3-D0 in patients who developed severe early OHSS. However, this was not the case in patients who did not develop severe early OHSS (Table S2 ). cAsc D3-D0 and cAsc D5-D0 were significantly higher in patients who did vs those who did not develop OHSS (P < 0.0001), while such a difference was not present for cAsc D5-D3 (P = 0.54).
Both time following oocyte retrieval and whether severe early OHSS developed were associated with ascites grade on multivariable analysis, and there was a significant interaction between time following oocyte retrieval and development of severe early OHSS (Table S3) . Patients who developed severe early OHSS showed a higher rate of increase in ascites grade per day (coefficient, +0.326) compared with patients who did not eventually develop severe early OHSS (Table S3) .
The distribution of the severity of ascites on days 0, 3 and 5 in all patients, as well as in subgroups of those who developed and those who did not develop severe early OHSS, is shown in Figure S1 . On day 0, ascites was not detectable (Grade 1) in the majority of high-risk patients, both those who subsequently did not develop (97.1%; 95% CI, 94.5-98.7%) and those who developed (95.4%; 95% CI, 84.2-99.4%) severe early OHSS. On day 5, ascites Grade 5 and Grade 6 were present in 9.3% (95% CI, 3.7-21.6%) and 16.3% (95% CI, 8.1-30.0%), respectively, of women with non-severe early OHSS. Ascites Grades 5 and 6 were absent in women with non-severe early OHSS during the observation period (0%; 95% CI, 0-1.4%).
The direction of change in ascites grade for all high-risk patients, as well as in subgroups according to whether they developed severe early OHSS, is shown in Figure S2 Data are presented as n (%). Data are presented as mean (95% CI). *Generalized estimating equations with dependent variable of ascites grade, hematocrit (Ht), white blood cell count (WBC) or maximal ovarian diameter (MOD) and independent variable of time (day 0, day 3, day 5).
Hematocrit
Mean Ht values in all patients at high risk for OHSS, as well as in the subgroups of patients according to whether they developed severe early OHSS, are shown in Table 5 .
There was a statistically significant increase (P < 0.001) in Ht during the early luteal phase (from day 0 to day 3 to day 5) in all groups. Ht changes (cHt) between day 3 and day 0 (cHt D3-D0 ), between day 5 and day 0 (cHt D5-D0 ) and between day 5 and day 3 (cHt D5-D3 ) are shown in Table S4 . cHt D5-D0 was significantly greater than cHt D3-D0 and than cHt D5-D3 , overall as well as in both patients who developed severe early OHSS and those who did not. cHt D3-D0 was significantly greater than cHt D5-D3 in patients who did not develop severe early OHSS. This, however, was not the case in patients who developed severe early OHSS (Table S4) . cHt D3-D0 , cHt D5-D3 and cHt D5-D0 were significantly greater in patients who did vs those who did not eventually develop severe early OHSS (P ≤ 0.001) ( Figure S3 ). Both time following oocyte retrieval and whether severe early OHSS developed were significantly associated with Ht on multivariable analysis. Furthermore, there was a significant interaction between time and development of severe early OHSS (Table S5) . Patients who developed severe early OHSS showed a higher rate of Ht increase per day (coefficient, +0.780) compared with patients who did not develop severe early OHSS (Table S5) .
White blood cell count
Mean WBC in all patients at high risk for OHSS, as well as in the subgroups of patients according to whether they developed severe early OHSS, is shown in Table 5 . There was a statistically significant increase (P = 0.001) in WBC during the early luteal phase (from day 0 to day 3 to day 5) in all groups.
Changes in WBC (cWBC) between day 3 and day 0 (cWBC D3-D0 ), between day 5 and day 0 (cWBC D5-D0 ) and between day 5 and day 3 (cWBC D5-D3 ) are shown in Table S6 . cWBC D5-D0 was significantly greater than WBC D3-D0 and than WBC D5-D3 , overall as well as in patients who did and those who did not develop severe early OHSS. cWBC D3-D0 was not significantly different from cWBC D5-D3 in any group (Table S6) . cWBC D3-D0, cWBC D5-D0 and cWBC D5-D3 were significantly higher in patients who developed severe early OHSS vs those who did not (P ≤ 0.001) ( Figure S4 ).
Both time following oocyte retrieval and whether severe early OHSS developed were associated significantly with WBC on multivariate analysis. Moreover, there was a significant interaction between time following oocyte retrieval and development of severe early OHSS (Table  S7) . Patients who developed severe early OHSS showed a higher rate of increase in WBC per day (coefficient, +884) compared with patients who did not eventually develop severe early OHSS (Table S7) .
Maximum ovarian diameter
MOD in all patients at high risk for OHSS, as well as in the subgroups of patients according to whether they developed severe early OHSS, is shown in Table 5 . There was a statistically significant increase (P = 0.001) in MOD from day 3 to day 5 in patients who developed severe early OHSS, but not in those who did not develop severe early OHSS. No significant difference was detected when all patients were analyzed (Table S8) .
On multivariable analysis, MOD was significantly associated with whether severe early OHSS developed, controlling for the effect of time following oocyte retrieval; the latter did not affect MOD significantly (Table S9) . However, there was a significant interaction between time and development of severe early OHSS. Patients who developed severe early OHSS showed a higher rate of increase per day in MOD (coefficient, +9.61) compared with patients who did not eventually develop severe early OHSS (Table S9) .
Correlation between OHSS-associated variables
Pairwise correlations between OHSS-associated variables are presented in Table S10 . The highest correlation was between MOD and ascites grade on day 5 followed by that between MOD and WBC on day 5.
Pairwise correlations between changes in OHSS-associated variables are presented in Table  S11 . The highest correlation was between the change in ascites grade between day 0 and day 5 and the change in Ht level over the same period.
DISCUSSION
This study describes the absolute values and changes in ascites grade, Ht, WBC and MOD during the early luteal phase in women with ≥ 19 follicles on the day of triggering of final oocyte maturation with hCG, and thus who were at high risk for developing severe early OHSS.
In all high-risk women, the values of ascites grade, Ht and WBC increased significantly with time, within the 5-day observation period following oocyte retrieval, in line with the presumed pathophysiology of the syndrome 4, 33, 34 . Elevation of Ht reflects intravascular volume depletion, and has a reciprocal relationship with ascetic fluid accumulation 4 . This relationship between ascites and Ht change was confirmed in our study, since the highest correlation of change from day 0 to day 5 was observed between the change in ascites grade and that in Ht.
The only variable which increased between day 3 and day 5, only in patients who developed severe early OHSS, but not in patients who did not, was MOD. Historically, ovarian enlargement has been considered as a marker of OHSS 11, 12 . The classification by Golan et al. 13 , which was the first to use ultrasound to evaluate ovarian enlargement and ascites, proposed an ovarian diameter range of 5-12 cm as a criterion for diagnosing all forms of OHSS. In contrast, Navot et al. 4 did not consider ovarian enlargement to be a reliable factor for diagnosing severe early OHSS. Our present data support the value of ovarian enlargement in OHSS diagnosis.
Ht change has been used as a criterion for diagnosing severe early OHSS, although not in modern classifications. The increase in Ht of 6.27% (16.51% relative increase) observed in the current study between day 0 and day 5, in patients who developed severe early OHSS, is in agreement with previous arbitrarily proposed values of 10% 35 and 6-10% 12 Ht increase over the baseline, but not, however, with a 30% increase, also proposed arbitrarily for diagnosis of severe OHSS by Navot et al. 4 . Our current data suggest that cHt is directly associated with the quantity of ascetic fluid accumulation. Therefore, cHt may be used as a marker of hemoconcentration, and possibly as a new additional criterion in a modern OHSS classification system. In this regard, cHt, expressed as relative change, may facilitate a patient-specific approach for the diagnosis of severe early OHSS, since this would also take into consideration the starting Ht level of each patient on the day of oocyte retrieval. This may provide more accurate pathophysiological insight into the development of severe early OHSS, and may be particularly useful for patients with either very low Ht (e.g. ≤ 28%) or conversely very high Ht, approaching 45%, on the day of oocyte retrieval. Nevertheless, the absolute value of Ht (> 45%) remains a significant marker of severe early OHSS from an epidemiological perspective, since this is related to an increased risk of complications (deep vein thrombosis/pulmonary embolism).
In this study, we used a detailed classification of ascites. Older classification systems used the vague description, 'ultrasound evidence' or 'clinical evidence' of ascites 1, 4, [11] [12] [13] . More recently, there have been efforts to classify ascites in an objective and reproducible manner, based on the quantity of fluid accumulation within body cavities observed during ultrasound examination [17] [18] [19] [20] 26, 31, 36 . However, all of these studies assessed ascites only on the day of severe early OHSS diagnosis. To our knowledge, this is the first study to describe the timecourse of fluid accumulation during the evolution of OHSS in the first 5 days after oocyte retrieval.
Interestingly, ascites Grade 5 (massive) and Grade 6 (tense) were observed only in women who were diagnosed with severe early OHSS. Thus, the presence of ascites Grade 5 or 6 alone, which is essentially the equivalent of clinical evidence of ascites, as mentioned in previous classifications 1, 4, [11] [12] [13] , could indicate that severe early OHSS is already established.
In the present study, severe early OHSS was diagnosed on day 5, and no earlier, in all affected women. However, follow up on day 3 is still of clinical value and should be performed in all high-risk women, as severe early OHSS may well manifest on day 3 or earlier in more aggressive cases. In all high-risk patients, it is recommended to perform blastocyst culture until day 5 or 6 and to avoid performing transfers on day 3 as OHSS may still be evolving. Embryo culture on day 5 allows time for an extensive and accurate assessment of the evolution of OHSS. It is known that early OHSS may be self-limiting and resolve by day 5 post-oocyte retrieval 37 . If severe early OHSS has not developed by day 5, the decision to proceed to ET can be made more safely, thus reducing significantly the chance of late OHSS 18, 38 . Using this management approach, the incidence of late OHSS was shown to be as low as 1.1% among high-risk patients 18 . If severe early OHSS develops by day 5, then ET should be canceled, and luteal GnRH antagonist administration can be performed, in combination with freezing of all blastocysts.
The limitation of the present study is its retrospective design. It cannot be excluded that non-apparent sources of bias might be present. Severe early OHSS was diagnosed using widely accepted predetermined criteria of ascites, Ht, WBC and MOD, and was not based on patient hospitalization, as women were managed as outpatients by luteal antagonist administration 18 . As a result, the diagnostic value of these parameters on the day of severe early OHSS diagnosis cannot be confirmed.
In conclusion, ascites grade, Ht and WBC increased significantly with time following oocyte retrieval, within the 5-day study observation period, in all women at high risk for OHSS, in line with the pathophysiology of the syndrome. Our data support the use of MOD in the diagnosis of severe early OHSS, and provide novel evidence for the role of cHt as a patient-specific hemoconcentration marker during OHSS development. These findings may be helpful to the clinician and may be useful for the establishment of new criteria in a universally accepted OHSS classification system.
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Figure S1
Grade of ascites on days 0, 3 and 5 following oocyte retrieval in all patients, in patients without severe ovarian hyperstimulation syndrome (OHSS) and in patients with severe early OHSS. Error bars depict 95% CI. 
Figure S4
Change in white blood cell count (cWBC) between days 3 and 0 (cWBC D3-D0 ), days 5 and 0 (cWBC D5-D0 ) and days 5 and 3 (cWBC D5-D3 ) following oocyte retrieval in women with and those without severe ovarian hyperstimulation syndrome (OHSS). Error bars depict 95% CI.
Table S1
Diagnosis of severe early OHSS in 43 high-risk women, undergoing ovarian stimulation for IVF, following triggering of final oocyte maturation with hCG Table S2 Changes in ascites grade (cAsc) during the early luteal phase (days 0, 3, 5 following oocyte retrieval) in all patients as well as in those who did or did not develop severe early OHSS Table S3 Multivariable analysis with dependent variable ascites grade and independent factors: time (day 0, day 3, day 5 following oocyte retrieval) and development or not of severe early OHSS Table S4 Changes in hematocrit (cHt) during the early luteal phase (days 0, 3, 5 following oocyte retrieval) in all patients as well as in those who did or did not develop severe early OHSS Table S5 Multivariable analysis with dependent variable Ht and independent factors: time (day 0, day 3, day 5 following oocyte retrieval) and development or not of severe early OHSS Table S6 Changes in WBC during the early luteal phase (days 0, 3, 5 following oocyte retrieval) in all patients as well as in those who did or did not develop severe early OHSS Table S7 Multivariable analysis with dependent variable WBC and independent factors: time (day 0, day 3, day 5 following oocyte retrieval) and development or not of severe early OHSS Table S8 Changes in maximal ovarian diameter during the early luteal phase (days 3, 5 following oocyte retrieval) in all patients as well as in those who did or did not develop severe early OHSS Table S9 Multivariable analysis with dependent variable MOD and independent factors: time (day 3, day 5 following oocyte retrieval) and development or not of severe early OHSS 
